CEMENTITIOUS COMPOSITIONS 
AND METHODS OF MAKING AND USING 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of U.S. Provisional Application No. 
60/400,845, filed August 2, 2002. 

5 BACKGROUND OF THE INVENTION 

Field of the invention 
The present invention relates generally to cementitious compositions and, more 
particularly, to high-strength cementitious compositions formed using bottom ash as a 
lightweight aggregate and pozzolan. 

10 

Description of Related Art 
Concrete used for structural applications commonly includes a mixture of 
Portland cement, a fine aggregate, such as sand, and a coarse aggregate, such as broken 
stone or gravel. For example, a 1 :2:4 concrete mixture includes one part cement, two 

15 parts sand, and four parts broken stone or gravel. Depending on the water/cement ratio, 
the type of Portland cement used, and the amount of time allowed for the concrete to 
cure, conventional concrete mixtures can provide relatively high compressive strengths, 
which generally are measured in terms of the concrete's three-day, seven-day, twenty- 
eight-day, three-month and one-year compressive strengths. For example, conventional 

20 concrete mixtures can generally be used to produce concrete having a seven-day 

compressive strength of between approximately 2,000 pounds per square inch (lbs/in 2 or 
"psi") and 4,000 psi, and a twenty-eight-day compressive strength of between 
approximately 3,000 psi and 6,000 psi. Most engineers require that any load-bearing 
concrete achieve a minimum twenty-eight-day compressive strength of 2,500 psi. 

25 However, conventional concrete mixtures can be relatively expensive to 

manufacture due to the cost involved in processing the Portland cement, sand, and coarse 
aggregate. For example, sand used in conventional concrete mixtures must be processed 
so that the sand is substantially free from organic matter, vegetable loam, alkali and other 
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deleterious substances that can adversely affect the strength of the resulting concrete. 
Additionally, because conventional concrete mixtures formed using cement, sand, and 
coarse aggregates have relatively high per unit volume weights, i.e., exceeding 
approximately 130 pounds per cubic foot (lbs/ft 3 ) prior to the addition of water, 
5 conventional concrete mixtures can be difficult to package in a ready-to-use form that can 
be offered to both the commercial and "do-it-yourself consumer markets. 

In seeking to provide high-strength concrete mixtures that are lightweight and less 
expensive to manufacture and package in comparison to conventional concrete mixtures, 
others have proposed replacing all or a portion of the cement, sand, and/or coarse 

10 aggregates with other materials. For example, there has been considerable attention 
given to the use of by-products from pulverized coal combustion and refuse burning 
processes as a replacement for the cement, fine aggregate, and/or coarse aggregate in 
conventional concrete mixtures. Generally, by-products from pulverized coal 
combustion in thermal power stations can be categorized as fly ash, bottom ash, and slag. 

15 Fly ash comprises particles that are convected upwardly with the flue gases of a furnace 
and are separated therefrom using electrostatic precipitators and/or mechanical collectors. 
Fly ash generally includes fine particles having a relatively consistent particle size 
ranging from approximately .04 mil (1 /mi) to 7.8 mil (200 fim). Bottom ash comprises 
heavier particles ranging in size from approximately 2 inches (5.08 cm) and less that fall 

20 to the bottom of the furnace where the particles are collected in either a dry form or in a 
water- filled ash pit. Slag comprises molten or partially fused particles that come into 
contact with the furnace wall, become chilled, and solidify. Slag is generally much 
denser than either fly ash or bottom ash. The use of these by-products is particularly 
attractive since these materials are considered to be waste products that would normally 

25 be landfilled, thus potentially providing an inexpensive and readily available lightweight 
aggregate and pozzolan to replace all or a portion of the cement, fine aggregate and/or 
course aggregate in conventional concrete mixtures. 

One example of concrete mixtures that utilize a by-product of coal combustion is 
disclosed in U.S. Patent Nos. 3,961,973 and 4,040,852 to Jones. The concrete mixtures 

30 disclosed in the Jones '973 and '852 patents include a mixture of fly ash and bottom ash 
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in combination with cement and sand. These concrete mixtures have per unit volume 
weights of between 101 .4 lbs/ft 3 to 109.0 lbs/ft 3 , which are lower than the per unit 
volume weight of conventional concrete mixtures, i.e., approximately 130 lbs/ft 3 . 
However, the concrete mixtures disclosed in the '973 and '852 patents have a seven-day 
5 compressive strength of approximately 1500 psi or less and a twenty-eight-day 

compressive strength of approximately 2600 psi or less, both of which are considerably 
lower than that provided by conventional concrete mixtures. Indeed, the twenty-eight- 
day compressive strength of the concrete mixtures disclosed in the Jones '973 and '852 
patents only narrowly exceeds the minimum twenty-eight-day compressive strength 

10 typically required by engineers for load-bearing concrete, i.e., 2,500 psi. 

Another example of a concrete mixture that utilizes a by-product of coal 
combustion is disclosed in U.S. Patent No. 5,849,075 to Hopkins et al. The concrete 
mixture of the '075 patent preferably includes cement, ground bottom ash, silica fume, 
coarse aggregate, and sand. The bottom ash is ground to a size in which 80% to 100% 

1 5 and, preferably, 85% to 90% passes a 45 ^m screen, to thereby produce a highly active 
pozzolan. The ground bottom ash, which has a consistency and particle size similar to fly 
ash, preferably is mixed with silica fume and used as a partial replacement for Portland 
cement. Although the concrete mixture disclosed in the Hopkins '075 patent provides 
seven-day and twenty-eight-day compressive strengths that equal or exceed that of 

20 conventional concrete mixtures, the mixture requires the additional processing steps of 
grinding the bottom ash and mixing the ground bottom ash with silica fume, which 
increases the overall manufacturing cost of the mixture. In addition, the concrete mixture 
disclosed in the Hopkins '075 patent still requires both sand and a coarse aggregate, 
which adversely affects the per unit volume weight of the mixture and the cost for 

25 packaging the mixture. 

Accordingly, there remains a need for an improved concrete mixture that has a 
relatively low per unit volume weight and that provides compressive strengths equal to, 
or exceeding, those of conventional concrete mixtures. The improved concrete mixture 
should be cost effective to manufacture and package and, preferably, will utilize by- 
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products from coal combustion processes so as to provide an economically worthwhile 
use for these commonly landfilled by-products. 



SUMMARY OF THE INVENTION 
5 The present invention provides a high-strength cementitious composition for 

mixing with an effective amount of water to form a structural product. The cementitious 
composition of the present invention advantageously is formed of a lightweight aggregate 
and pozzolan such that the composition weighs less per unit volume than conventional 
cementitious compositions yet has seven-day and twenty-eight-day compressive strengths 

10 approximating, or exceeding, those of conventional concrete mixtures. According to one 
embodiment of the present invention, the composition comprises an effective amount of 
bottom ash and an effective amount of cement. Structural products formed from mixing 
the composition with the effective amount of water preferably have a twenty-eight-day 
compressive strength of at least about 2,500 psi. The cementitious composition 

15 preferably has a per unit volume weight of between about 60 pounds and about 100 
pounds per cubic foot of volume. 

According to another embodiment of the present invention, the composition 
comprises an effective amount of bottom ash and an effective amount of cement, wherein 
the structural product formed from mixing the composition with an effective amount of 

20 water has a seven-day compressive strength of at least about 2,500 psi and, more 

preferably, a seven-day compressive strength of at least about 4,000 psi and, still more 
preferably, a seven-day compressive strength of at least about 5,000 psi. In one 
embodiment, the structural product formed from mixing the composition with the 
effective amount of water has a twenty-eight-day compressive strength of at least about 

25 4,000 psi and, more preferably, a twenty-eight-day compressive strength of at least about 
5,000 psi and, still more preferably, a twenty-eight-day compressive strength of at least 
about 6,000 psi. In another embodiment, the cementitious composition has a per unit 
volume weight of less than about 100 pounds per cubic foot of volume and, more 
preferably, less than about 90 pounds per cubic foot of volume. In another embodiment, 

30 the composition comprises bottom ash and cement in a ratio of between about 2:1 and 



-4- 



AttyDktNo. 46478.263692 



about 2:3. In another embodiment, the bottom ash has a particle size less than about .75 
inches (19 mm). In another embodiment, the bottom ash has a particle size less than 
about .625 inches (1.59 cm). In another embodiment, the bottom ash has a particle size 
less than about .375 inches (9.5 mm). In another embodiment, approximately fifty 
5 percent of the bottom ash has a particle size less than about .012 inches. In yet another 
embodiment, the high-strength cementitious composition consists essentially of an 
effective amount of bottom ash and an effective amount of cement. In still another 
embodiment, the high-strength cementitious composition consists of an effective amount 
of bottom ash and an effective amount of cement. 

10 The present invention also provides a cementitious product for mixing with an 

effective amount of water to form a structural product. The cementitious product 
comprises a container having a volume and a cementitious composition substantially 
filling the volume of the container. The container can include a paper bag, a plastic bag, 
or a plastic bucket having a lid. In one embodiment, the container and the composition 

15 together weigh between about 60 pounds and about 100 pounds per cubic foot of volume 
and, preferably, weigh less than approximately 90 pounds per cubic foot of volume. 

The present invention also provides a method of manufacturing a cementitious 
product for use in forming a structural product. The method includes providing a 
cementitious composition having an effective amount of bottom ash and an effective 

20 amount of cement. In one embodiment, the providing step includes mixing the effective 
amount of bottom ash with the effective amount of cement. In another embodiment, the 
mixing step includes removing particles from the bottom ash having a particle size 
exceeding about .75 inches. In another embodiment, the mixing step includes removing 
particles from the bottom ash having a particle size exceeding about .625 inches. In 

25 another embodiment, the mixing step includes removing particles from the bottom ash 
having a particle size exceeding about .375 inches. In yet another embodiment, the 
mixing step includes mixing two substantially equally weighted portions of bottom ash, 
the first portion of bottom ash comprising particles having particle sizes ranging from 
between about .75 inches to about .003 inches, and the second portion of bottom ash 

30 comprising particles having particle sizes less than about .006 inches. In still another 
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embodiment, the mixing step includes mixing the bottom ash and cement in a ratio of 
between about 2:1 and about 2:3. In another embodiment, the method includes 
packaging the composition in a container wherein the container and the composition 
together weigh between about 60 and about 100 pounds per cubic foot of volume and, 
5 preferably, weigh less than approximately 90 pounds per cubic foot of volume. In still 
another embodiment, the packaging step comprises packaging the composition in a 
container wherein the container includes a paper bag, a plastic bag, or a plastic bucket 
having a lid. 

The present invention also provides a method of making a structural product. The 

10 method includes providing a cementitious composition having an effective amount of 
bottom ash and an effective amount of cement. The cementitious composition is mixed 
with an effective amount of water. The cementitious composition is then cured 
subsequent to the mixing step. In one embodiment, the curing step includes curing the 
cementitious composition to thereby form a structural product having a twenty-eight-day 

15 compressive strength of at least about 2,500 psi. In another embodiment, the curing step 
includes curing the cementitious composition to thereby form a structural product having 
a seven-day compressive strength of at least about 2,500 psi and/or a twenty-eight-day 
compressive strength of at least about 4,000 psi. In another embodiment, the curing step 
includes curing the cementitious composition to thereby form a structural product having 

20 a seven-day compressive strength of at least about 4,000 psi and/or a twenty-eight-day 
compressive strength of at least about 5,000 psi. In still another embodiment, the curing 
step includes curing the cementitious composition to thereby form a structural product 
having a seven-day compressive strength of at least about 5,000 psi and/or a twenty- 
eight-day compressive strength of at least about 6,000 psi. 

25 Accordingly, there has been provided cementitious compositions that are formed 

using a lightweight aggregate and pozzolan, namely, bottom ash, which compositions 
have relatively low per unit volume weights in comparison to conventional concrete 
mixtures while also providing compressive strengths approximating, or exceeding, those 
of conventional mixtures. Thus, the cementitious compositions of the present invention 

30 can be cost effectively packaged for both the commercial and "do-it-yourself consumer 
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markets. Since a substantial portion of the cementitious composition of the present 
invention comprises bottom ash, which is a commonly disposed of by-product from coal 
combustion processes, the composition of the present invention is relatively inexpensive 
to manufacture in comparison to conventional concrete mixtures. In addition, except for 
5 reducing the size of particles exceeding about .375 inches to about .75 inches, the bottom 
ash of the present invention does not undergo a separate pulverizing or grinding process, 
which further reduce manufacturing costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 The foregoing and other advantages and features of the invention, and the manner 

in which the same are accomplished, will become more readily apparent upon 
consideration of the following detail description of the invention taken in conjunction 
with the accompanying drawings, which illustrate preferred and exemplary embodiments 
and which are not necessarily drawn to scale, wherein: 
1 5 Figure 1 A illustrates a perspective view of a concrete slab, according to one 

embodiment of the present invention; 

Figure IB illustrates a perspective view of a concrete footing, according to one 
embodiment of the present invention; 

Figure 1C illustrates a perspective view of a concrete support column, according 
20 to one embodiment of the present invention; 

Figure ID illustrates a perspective view of a concrete brick, according to one 
embodiment of the present invention; 

Figure IE illustrates a perspective view of a concrete block, according to one 
embodiment of the present invention; 
25 Figure 2A illustrates an elevation view of a package for the cementitious product, 

according to one embodiment of the present invention; 

Figure 2B illustrates an elevation view of a package for the cementitious product, 
according to one embodiment of the present invention; 

Figure 3 is a table showing the approximate particle size distribution 
30 of the bottom ash, according to one embodiment of the present invention; 
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Figure 4 is a flow chart illustrating the operations performed to manufacture a 
cementitious product, according to one embodiment of the present invention; 

Figure 5 is a flow chart illustrating the operations performed to make a structural 
product, according to one embodiment of the present invention; 
5 Figure 6A is a particle size analysis report of a first portion of the bottom ash 

mixture, according to one embodiment of the present invention; 

Figure 6B is a particle size analysis report of a second portion of the bottom ash 
mixture, according to one embodiment of the present invention; 

Figure 7A is a table illustrating content and property information for seven 
10 exemplary compositions according to embodiments of the present invention; 

Figure 7B is a table illustrating the content and property information for the seven 
(7) exemplary compositions illustrated in Figure 7 calculated to a 40 lb composition; 

Figure 7C is a table illustrating sieve analysis results for the bottom ash mixtures 
used in the exemplary compositions illustrated in Figure 7A; 
15 Figure 8 A is a table illustrating content and property information for a 

composition substantially similar to composition no. 7 of Figures 7 A, 7B and 7C, 
according to another embodiment of the invention; 

Figure 8B is a table illustrating sieve analysis results for the first portion and 
second portion of the bottom ash mixture used in the exemplary composition illustrated 
20 in Figure 8A; 

Figure 8C is a particle size analysis report of the first portion and second portion 
of the bottom ash mixture used in the exemplary composition illustrated in Figure 8 A; 

Figure 8D is a graph illustrating the compressive strength for the exemplary 
composition illustrated in Figure 8 A; 
25 Figure 9A is a table illustrating content and property information for a 

composition substantially similar to composition no. 1 of Figures 7 A, 7B and 7C, 
according to another embodiment of the invention; 

Figure 9B is a table illustrating sieve analysis results for the first portion and 
second portion of the bottom ash mixture used in the exemplary composition illustrated 
30 in Figure 9A; 
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Figure 9C is a particle size analysis report of the first portion and second portion 
of the bottom ash mixture used in the exemplary composition illustrated in Figure 9A; 
and 

Figure 9D is a graph illustrating the compressive strength for the exemplary 
5 composition illustrated in Figure 9 A. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention now will be described more fully hereinafter with reference 
to the accompanying drawings, in which some, but not all embodiments of the invention . 
10 are shown. This invention may be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. Like numbers refer to like elements 
throughout. 

15 The present invention provides high-strength cementitious compositions for 

mixing with an effective amount of water to form a structural product 10. As illustrated 
in Figures 1A-1E, the structural product 10 can include, but is not limited to, a concrete 
slab 12, footing 14, support column 16, brick 18, or block 20. The cementitious 
compositions of the present invention advantageously are formed of a lightweight 

20 aggregate and pozzolan such that the composition weighs less per unit volume than 

conventional cementitious compositions yet has compressive strengths that approximate, 
or exceed, those provided by conventional concrete mixtures. More specifically, the 
cementitious composition of the present invention comprises an effective amount of 
bottom ash and an effective amount of cement. The cement can include most 

25 commercially available Portland cements, including Types I, II, III, IV, and V, as 

described in standards C 150 set forth by the American Society for Testing and Materials 
("ASTM"), which are hereby incorporated by reference. In one embodiment, the cement 
includes Type I cement available from Holcim (US) Inc. of Raleigh, North Carolina, and 
Columbia, South Carolina. 
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The bottom ash used in the cementitious compositions of the present invention 
preferably comprises furnace bottom ash as is produced by thermal power stations when 
burning pulverized coal. It also is considered within the scope of the present invention to 
use furnace bottom ash from refuse burning operations, provided that the particle size and 
5 weight of the ash is otherwise satisfactory, as described below. In one embodiment, the 
bottom ash comprises furnace bottom ash obtained from Duke Energy Company's 
Marshall Station. Bottom ash from the Marshall Station typically includes constituents 
such as aluminum oxide, iron oxide, amorphous silica, calcium oxide, potassium oxide, 
titanium dioxide, sodium oxide, and certain metals. 

10 Bottom ash from other sources also may be used. The bottom ash preferably is 

substantially free of pyrites, Le. 9 iron sulfide (FS 2 ), since pyrites can result in a brown 
stain or other discoloration on the surface of the resulting structural product 10. Most 
thermal power stations, such as the Marshall Station, separate pyrites from the coal 
during the coal pulverizing process. The pyrites are then disposed of either separately 

1 5 from the bottom ash or in the same ash pond as the bottom ash. In the event the pyrites 
are disposed of with the bottom ash, the pyrites preferably are separated from the bottom 
ash prior to processing the bottom ash for use in the cementitious compositions of the 
present invention. Spiral concentrators, which are well known to those skill in the art, 
can be used to separate the pyrites from the bottom ash. 

20 The bottom ash can then be sized using a manual or automated vibrating screen or 

screens, depending on the desired properties of the cementitious composition and 
resulting structural product 10, including the slump rate of the cementitious composition 
and the effective compressive strength of the resulting structural product 10. For 
purposes of example only and not limitation, the bottom ash can be sized so that the ash 

25 has a particle size distribution or gradation by weight approximating the distribution 

illustrated in Figure 3. It will be appreciated that the particle size distribution of Figure 3 
is provided for illustration only and that other particle size distributions for the bottom 
ash are also considered to be within the scope of the present invention. In any event, the 
particle size distribution is preferably such that approximately fifty percent of the bottom 

30 ash has a particle size less than about 12 mil (305 fxm). 
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In order to more effectively consume large quantities of bottom ash, particle sizes 
of up to .625 inches (16 mm) or even .75 inches (19mm) may be used to form the 
cementitious composition of the present invention. However, it should be appreciated 
that the use of larger particles can make it more difficult to provide a structural product 
5 10 having a relatively smooth finished surface. The use of larger particles also may 

require the addition of a larger percentage of fine particles to adequately cover the surface 
of the larger particles and fill the gaps therebetween. 

According to one embodiment, the particle size distribution illustrated in Figure 3, 
as well as other particle size distributions, can be obtained by sizing the bottom ash using 

10 a multi-stage process. For example, according to the embodiment illustrated in Figure 3, 
the bottom ash initially is sized by removing particles having a particle size exceeding 
.375 inches (9.5 mm) using a vibratory 3/8 inch screen. These larger particles typically 
are removed because they can make it more difficult to provide a structural product 10 
having a relatively smooth finished surface. The larger particles can be landfilled or, 

15 more preferably, crushed to a size smaller than .375 inches (9.5 mm) and added back to 
the bottom ash for further sizing. The bottom ash is then sized using a vibratory 150 |im 
mesh screen to remove particles having a size of below approximately 5.9 mil (150 fim). 
The resulting first portion of bottom ash comprises primarily course material and has a 
particle size ranging from between about .375 inches (9.5 mm) to about 3 mil (76 Jim), 

20 since not all of the particles having a particle size below about 5.9 mil (150 /mi) are 
removed by screening. 

A second portion of bottom ash is sized which comprises primarily fine material. 
According to one embodiment, the second portion of bottom ash comprises particles 
having particle sizes less than about 6 mil (152 fxm). The second portion of bottom ash 

25 can be sized using a high-frequency vibratory 1 50 [im mesh screen. The second portion 
of bottom ash is then mixed with the first portion of bottom ash to achieve the desired 
particle size distribution of the bottom ash. The relative weights of the first and second 
portions of bottom ash in the mixture can be varied depending on the desired properties 
of the cementitious composition and resulting structural product, including the slump rate 

30 of the cementitious composition and the compressive strength of the resulting structural 
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product. In one embodiment, the first and second portions comprise substantially equally 
weighted portions, i.e., are mixed in a ratio of about 1 : 1 by weight. 

Once the bottom ash has been sized, the bottom ash can then be mixed with the 
cement. The ratio of bottom ash to cement can be varied depending on the desired 
5 properties of the cementitious composition and resulting structural product, including the 
slump rate of the cementitious composition and the compressive strength of the resulting 
structural product. For example, according to other embodiments the cementitious 
composition can be prepared by mixing the bottom ash with the cement in a ratio ranging 
from approximately two (2) parts bottom ash to one (1) part cement, i.e., a ratio of about 

10 2:1, to approximately two (2) parts bottom ash to three (3) parts cement, i.e., a ratio of 
about 2:3. Other admixtures can be added to the resulting cementitious composition, 
such as air entraining agents, aggregates, accelerators, retarders, and water reducers, as is 
generally known to those skilled in the art, provided that the admixtures do not materially 
increase the per unit volume weight of the cementitious composition or materially 

15 decrease the compressive strength of the resulting structural product. In another 

embodiment, the cementitious composition consists of bottom ash and cement only. 

In one embodiment, for a cementitious composition having a ratio of bottom ash 
to cement of about 2:1 and a gradation as illustrated in Figure 3, approximately 1.125 
gallons of water is used per cubic foot of cementitious composition. In another 

20 embodiment, as illustrated in Figures 7A and 8 A, for a cementitious composition having 
a ratio of bottom ash to cement of about 2:1, the amount of water can be increased such 
that the amount of water ranges from about 1.125 gallons of water per cubic foot of 
cementitious composition to about 1.96 gallons of water per cubic foot of cementitious 
composition. Increasing the water added to the cementitious composition generally 

25 increases the slump rate, but decreases the effective compressive strength of the resulting 
structural product 10. Decreasing water added to the cementitious composition generally 
decreases the slump rate, but increases the effective compressive strength of the resulting 
structural product. 

Referring to Figures 6A and 6B, there is illustrated particle size analysis reports 
30 for the first portion of bottom ash, i.e., the portion comprising primarily course material, 
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and the second portion of bottom ash, i.e., the portion comprising primarily fine material, 
respectively, according to another embodiment of the present invention. As illustrated in 
Figure 6 A, the first portion of bottom ash is sized such that the particles range in size 
from between about .75 inches (19 mm) to about 3 mil (76 /mi). By using particles 
5 ranging in size from about .375 inches (9.5 mm) to about .75 inches (19 mm), it is 
possible to more effectively consume larger quantities of bottom ash than only using 
particles below about .375 inches (9.5 mm). As illustrated in Figure 6B, the second 
portion of bottom ash comprises particles ranging in size from about 6 mil (152 fim) to 
about 3 mil (76 fim). The second portion of bottom ash is then mixed with the first 

10 portion of bottom ash to achieve the desired particle size distribution of the "bottom ash" 
or "bottom ash mixture", such as the distributions illustrated in Figure 7B for bottom ash 
mixture nos. 1-7, which are provided for purposes of example only and not for purposes 
of limitation. As discussed above, variations in the particle size distribution of each 
bottom ash mixture can be achieved by adjusting the relative weights of the first and 

1 5 second portions of bottom ash in the mixture. 

Advantageously, prior to the addition of water the cementitious composition of 
the present invention has a per unit volume of weight of between about 60 pounds and 
about 100 pounds per cubic foot of volume and, preferably, less than approximately 90 
pounds per cubic foot of volume. As such, the composition can be economically 

20 packaged for both the commercial and "ready-to-use" consumer markets. According to 
one embodiment, as illustrated in Figures 2A and 2B, a cementitious product 22 can be 
manufactured that comprises a container 24 having a volume and a cementitious 
composition 26 substantially filling the volume of the container. For example, as 
illustrated in Figure 2A, the container 24 can include a bag 24a, such as a plastic or paper 

25 bag. In another embodiment, as illustrated in Figure 2B, the container 24 can include a 
plastic bucket 24b having a lid 28 or, alternatively, a metal bucket and metal or plastic 
lid, provided the metal is lightweight and does not chemically react with the composition 
26. The container 24 and the composition 26 together preferably weigh less than 
approximately 100 pounds per cubic foot of volume and, more preferably, less than 

30 approximately 90 pounds per cubic foot of volume. 
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Structural products 10 formed from mixing the composition 26 of the present 
invention with an effective amount of water, such as those illustrated in Figures 1 A- IE, 
preferably have a seven-day compressive strength of at least about 2,500 psi and, more 
preferably, a seven-day compressive strength of at least about 4,000 psi and, still more 
5 preferably, a seven-day compressive strength of at least about 5,000 psi. The structural 
products preferably have a twenty-eight-day compressive strength of at least about 4,000 
psi and, more preferably, a twenty-eight-day compressive strength of at least about 5,000 
psi and, still more preferably, a twenty-eight-day compressive strength of at least about 
6,000 psi. In any event, the structural products preferably will have a twenty-eight-day 

10 compressive strength of at least about 2,500 psi, at a minimum. As such, the compressive 
strength of structural products formed using the cementitious composition of the present 
invention approximate, if not exceed, those provided by conventional concrete mixtures. 

In other embodiments, the cementitious compositions of the present invention can 
be used for other applications where the effective compressive strength is not important. . 

15 For example, in one embodiment, the cementitious compositions of the present invention 
can be used for an ornamental purpose, such as grout. According to this embodiment, 
coloring can be added to the cementitious composition, if desired. 

Referring to Figure 7A, there is illustrated, for purposes of example only and not 
limitation, the compressive strength data for seven (7) compositions prepared using the 

20 corresponding bottom ash mixes illustrated in Figures 6A and 6B. Figure 7B illustrates 
the seven (7) compositions illustrated in Figure 7A calculated to a 40 lb composition. As 
illustrated in Figure 7A, all of the compositions have a seven-day compressive strength of 
at least 2,500 psi and a twenty-eight-day compressive strength of at least 2,500 psi except 
for composition nos. 1 and 7. 

25 Referring to Figure 8A, there is illustrated the compressive strength data for a 

composition substantially similar to composition no. 7 of Figures 7 A, 7B, and 7C 
wherein the amount of water added to the cementitious composition was reduced such 
that the slump rate equals approximately 1 in. A comparison of Figure 7A and Figure 8 A 
illustrates that by decreasing the amount of water added to the cementitious composition 

30 and, thus, decreasing the slump rate, the compressive strength of the resulting structural 
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product 10 increased such that the seven-day compressive strength exceeded 2,500 psi 
and the twenty-eight-day compressive strength exceeded 5,000 psi. Accordingly, it has 
been determined that the compressive strength of the structural product 10 formed from 
the addition of an effective amount of water to the cementitious compositions of the 
5 present invention are at least partially dependent upon the amount of water added to the 
cementititious compositions, wherein an increase in the water added to the cementitious 
composition increases the slump rate, but decreases the effective compressive strength of 
the resulting structural assembly 10, and a decrease in water added to the cementitious 
composition decreases the slump rate, but increases the effective compressive strength of 

10 the resulting structural assembly. The sieve analysis results and particle size analysis 
report for the first portion and second portion of the bottom ash mixture used in the 
composition illustrated in Figure 8A are illustrated in Figures 8B and 8C, respectively. A 
graph illustrating the compressive strength of the composition illustrated in Figure 8 A is 
illustrated in Figure 8D. 

1 5 Referring to Figure 9A, there is illustrated the compressive strength data for a 

composition similar to composition no. 1 of Figures 7 A, 7B, and 7C, but wherein the 
relative weights of the first and second portions of the bottom ash have been modified 
from a mixture having equal percentages of the first and second portions to a mixture 
having 80% of the first portion and 20% of the second portion. In addition, comparing 

20 Figures 7B and 9A, the amount of water added to the cementitious composition was 
reduced such that the slump rate equals approximately 1 .25 in. As noted above, it has 
been determined that the compressive strength of the structural product is at least 
partially dependent upon the amount of water added to the cementitious composition. In 
addition, a comparison of Figure 7 A and Figure 9 A illustrates that the compressive 

25 strength of the structural product also is at least partially dependent upon the relative 
weights of the first and second portions of the bottom ash. In this regard, it has been 
determined that an increase in the relative weight of the first portion of the bottom ash 
mixture with a corresponding decrease in the relative weight of the second portion of the 
bottom ash mixture increases the effective compressive strength of the resulting structural 

30 assembly 10, and a decrease in the relative weight of the first portion of the bottom ash 
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mixture with a corresponding increase in the relative weight of the second portion of the 
bottom ash mixture decreases the effective compressive strength of the resulting 
structural assembly. Referring to Figure 9A, the compressive strength of the resulting 
structural products made using the modified composition increased such that the seven- 
5 day compressive strength exceeded 6,000 psi and the twenty-eight-day compressive 
strength exceeded 8,000 psi. The sieve analysis results and particle size analysis report 
for the first portion and second portion of the bottom ash mixture used in the composition 
illustrated in Figure 9A are illustrated in Figures 9B and 9C, respectively. A graph 
illustrating the compressive strength of the composition illustrated in Figure 9 A is 

1 0 illustrated in Figure 9D . 

Referring to Figure 4, there are illustrated the operations performed to 
manufacture a cementitious product for use in forming a structural product, according to 
one embodiment of the present invention. The method includes providing a cementitious 
composition having an effective amount of bottom ash and an effective amount of 

15 cement. See Block 40. In one embodiment, the providing step includes mixing the 

effective amount of bottom ash with the effective amount of cement. See Block 42. In 
another embodiment, the mixing step includes removing particles from the bottom ash 
having a particle size exceeding about .75 inches (19 mm). See Block 44. In yet another 
embodiment, the mixing step includes mixing two substantially equally weighted 

20 portions of bottom ash, the first portion of bottom ash comprising particles having 

particle sizes ranging from between about .75 inches (19 mm) to about 3 mil (76 /mi), 
and the second portion of bottom ash comprising particles having particle sizes less than 
about 6 mil (152 jum). See Block 46. In still another embodiment, the mixing step 
includes mixing the bottom ash and cement in a ratio of between about 2:1 and about 2:3. 

25 See Block 48. In another embodiment, the method includes packaging the composition 
in a container wherein the container and the composition together weigh less than 
approximately 100 pounds per cubic foot of volume. See Block 50. In yet another 
embodiment, the packaging step includes packaging the composition in a container 
wherein the container and the composition together weigh less than approximately 90 

30 pounds per cubic foot of volume. See Block 52. In still another embodiment, the 
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packaging step comprises packaging the composition in a container wherein the container 
includes a paper bag, a plastic bag, or a plastic bucket having a lid. See Block 54. 

Referring to Figure 5, there are illustrated the operations performed to make a 
structural product, according to one embodiment of the present invention. The method 
5 includes providing a cementitious composition having an effective amount of bottom ash 
and an effective amount of cement. See Block 60. The cementitious composition is 
mixed with an effective amount of water. See Block 62. The mixture is then poured into 
a form, such as a wooden form or other mold defining the desired dimensions and 
configuration of the structural product 10. The cementitious composition is then cured. 

10 During the curing process, the surface of the mixture can be finished using techniques 
and tools that are well known to those skilled in the art. In one embodiment, the curing 
step includes curing the cementitious composition to thereby form a structural product 
having at least one of a seven-day compressive strength of at least about 2,500 psi and a 
twenty-eight-day compressive strength of at least about 4,000 psi. See Block 64. In 

15 another embodiment, the curing step includes curing the cementitious composition to 
thereby form a structural product having a seven-day compressive strength of at least 
about 4,000 psi. See Block 66. In another embodiment, the curing step includes curing 
the cementitious composition to thereby form a structural product having a seven-day 
compressive strength of at least about 5,000 psi. See Block 68. In another embodiment, 

20 the curing step includes curing the cementitious composition to thereby form a structural 
product having a twenty-eight-day compressive strength of at least about 5,000 psi. See 
Block 66. In another embodiment, the curing step includes curing the cementitious 
composition to thereby form a structural product having a twenty-eight-day compressive 
strength of at least about 6,000 psi. See Block 68. 

25 Many modifications and other embodiments of the inventions set forth herein will 

come to mind to one skilled in the art to which these inventions pertain having the benefit 
of the teachings presented in the foregoing descriptions and the associated drawings. 
Therefore, it is to be understood that the inventions are not to be limited to the specific 
embodiments disclosed and that modifications and other embodiments are intended to be 

30 included within the scope of the appended claims. Although specific terms are employed 
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herein, they are used in a generic and descriptive sense only and not for purposes of 
limitation. 



■18- 

AttyDktNo. 46478.263692 



